Introduction
There is a progressive decline in the regenerative capacity of most organs with increasing age, resulting in functional deterioration and poor repair from injury and disease. Once thought to exist only in high-turnover tissues, such as the intestinal lining or bone marrow, it now appears that most tissues harbor stem cells that contribute to tissue integrity throughout life. In many cases, stem cell numbers decrease with age, suggesting that stem cell aging could be of fundamental importance to the biology of aging ([1] for review). Therefore, understanding the regulation of stem cell maintenance and/or activation is of considerable relevance to understanding the age-related decline in the maintenance of tissue integrity, function, and regenerative response.
The adult brain contains neural stem cells (NSCs) that self-renew, proliferate and give rise to neural progenitor cells (NPC) that exhibit partial lineage-commitment. Following several cycles of proliferation, NPC differentiate into new neurons and glia. NSCs are increasingly acknowledged to be of functional significance and harbor potential for repair of the diseased or injured brain. The dramatic decline in neurogenesis with age may contribute to impairments in learning and memory. Aging is also the greatest risk factor for Alzheimer's disease (AD), a neurodegenerative disease characterized by progressive loss of memory and cognitive decline. Alterations in neurogenesis have been described extensively in animal models of AD, and key proteins involved in AD pathogenesis have been shown to regulate neurogenesis. By understanding the molecular mechanisms underlying neurogenesis and its decline with aging it could become possible to manipulate NSCs to treat for brain disorders.
Neurogenesis in the adult mammalian brain
There are two neurogenic areas in the adult brain: the subventricular zone (SVZ) abutting the lateral ventricles, which contains NSCs that give rise to neurons in the olfactory bulb, and the subgranular layer (SGL) in the dentate gyrus (DG) of the hippocampus, in which NSCs become new granule cell neurons (Figure 1) . Thus, the adult brain has more capacity for plasticity at the cellular level than was previously thought. The prevailing hypothesis holds that the putative NSCs of the SVZ are quiescent, glial fibrillary acidic protein (GFAP)-positive cells that share properties of astrocytes, referred to as type B cells ([2] for review). Type B cells give rise to transit-amplifying type C cells that are GFAP-negative. These intermediate progenitor cells (IPs or NPCs) give rise to polysialated neural cell adhesion molecule (PSA-NCAM)-and doublecortin (DCX)-expressing neuroblasts that migrate in chains through the rostral migratory stream (RMS) toward the olfactory bulb where they differentiate into either granule cells or periglomerular neurons [3] (Figure 1 ). Migration and maturation of adult neuroblasts has also been classified based on their electrophysiological properties [4, 5] .
Within the DG, newly formed neurons populate the inner third of the granule cell layer (GL). Two types of NSCs can be identified in the SGL according to their specific morphologies and expression of unique sets of molecular markers. Type I cells are similar to type B in the SVZ [6] [7] [8] and type II (nonradial) cells are similar to type C in the SVZ (Figure 1 [8] ). Type I and II cells can be identified by distinct morphological and molecular markers (Figure 1) . Newly formed neurons in the GCL send axonal projections to the CA3 subfield of the hippocampus and spineless dendrites to the molecular layer [9] . In the 
